Background and Purpose: The relation between serum total cholesterol levels and stroke is controversial. The Akita Pathology Study provides data on the association of serum total cholesterol, different types of stroke, and distribution of stenosis in cerebral arteries.
serum total cholesterol concentration was inversely associated with the incidence of cerebral hemorrhage. On the other hand, reports from the United States8 and Europe9 indicate a weak but positive association of serum cholesterol concentration with cerebral infarction or stroke of all types. Recently, a 6-year follow-up study of more than 350 000 American men screened for the Multiple Risk Factor Intervention Trial showed that serum total cholesterol was inversely associated with death from cerebral hemorrhage and was positively associated with death from cerebral infarction.10"' In these epidemiological studies, however, the diagnosis of stroke and its type was based on clinical data or death certificates. To our knowledge, no pathological study has examined the association of serum cholesterol with stroke type diagnosed by autopsy.
The present study was performed to examine whether serum total cholesterol distributions differ among the different pathological manifestations of stroke. A main point of the study was to explore two observations. The first was that cerebral hemorrhage appears to be characterized by arteriolosclerosis in the intracerebral penetrating arteries (100 to 300 ,tm in diameter), inversely related to serum cholesterol. The second was that other forms of stroke such as infarction in the cortical artery regions appear to be characterized by atherosclerosis in larger cerebral arteries (0.2 to 6 mm in diameter), positively related to serum cholesterol.
Subjects and Methods Surveyed Population
The Akita Pathology Study is a hospital-based autopsy study conducted Reliability of significant stenosis was tested by rereading 87 samples at least 6 years later blinded to the initial score. There were 42 samples with significant stenosis in both readings, 33 with no significant stenosis in both readings, 9 with positive in the first and negative in the second reading, and 3 with negative in the first and positive in the second reading. The K coefficient was 0.72 (95% confidence interval, 0.51 to 0.93), indicating good reliability. Examination of intracerebral penetrating arteries was completed for 246 (83%) of the three selected types of stroke with Baker's score available.
Determination of Blood Pressures and Serum Total Cholesterol
Blood pressures were measured on the first day of admission by physicians or nurses using standard mercury sphygmomanometers for all subjects. The first measurement at admission was used for the analyses. A resting electrocardiogram was obtained for 99% of the subjects. Serum total cholesterol was also measured at the first day of admission by the Liebermann-Burchard direct method. 15 Quality control of the laboratory has been maintained by internal methods since 1966. An individual history of cigarette smoking was rarely available. However, independent surveys in this geographic area suggest that 65% to 85% of men were cigarette smokers during this period.
Statistical Analyses
Age-adjusted mean values of blood pressure, serum cholesterol, and atherosclerosis scores of basal cerebral arteries among diseases were calculated using analysis of covariance. Age-adjusted mean values of blood pressures and serum total cholesterol by stenosis of basal and intracerebral penetrating arteries were estimated by analysis of covariance. Difference in proportions of combination of stenosis of basal and intracerebral penetrating arteries among stroke types was tested by a x' test. A multiple linear regression model was applied to model the associations of age, blood pressure, serum total cholesterol, and dichotomous variables representing stroke types with atherosclerosis scores of basal cerebral arteries. Independent variables, which were significantly associated with atherosclerosis scores after adjusting for age, were blood pressure, serum total cholesterol, and stroke types of penetrating artery, cortical artery, embolic, and unclassified infarctions. These variables were included in the multivariate regression. All probability values presented were two-tailed.
Results
Mean age at admission was 61 to 62 for hemorrhagic strokes, 67 to 74 for infarction strokes, 64 to 65 for myocardial infarction and other cardiovascular disease deaths, 57 for trauma, and 62 to 66 for other causes of death (Table 2 ). Mean systolic and diastolic blood pressures were highest for cerebral hemorrhage, followed by other types of stroke, myocardial infarction and other cardiovascular diseases, and other causes of death. Mean serum cholesterol concentration was high for cortical artery and unclassified infarction and myocardial infarction, and low for cerebral hemorrhage, cancer, respiratory disease, and trauma. Full distributions of serum total cholesterol according to the type of stroke are shown in Fig 2. In both men aged 30 to 64 years and men aged 65 years or older, age-adjusted mean atherosclerosis score was highest in infarctions of cortical artery, penetrating artery, and unclassified type, followed by cerebral hemorrhage, myocardial infarction, embolic infarction, subarachnoid hemorrhage, and other causes of death (Table 3 ). There was a clear increase in mean atherosclerosis score with age for all causes of death except for penetrating artery, cortical artery, and unclassified infarction. As a result, the differences between causes of death in mean atherosclerosis score were more evident in men aged 30 to 64 years than in men aged 65 years and older. According to linear regression analysis, serum total cholesterol concentration was significantly associated with atherosclerosis scores of basal cerebral arteries in total after controlling for age and systolic blood pressure and for stroke types ( Table 4) . As expected, age and blood pressure were also independently associated with the stenosis scores. Significantly higher atherosclerosis scores were observed in infarctions of penetrating artery, cortical artery, and unclassified type. Atherosclerosis scores for the larger arteries were associated with age, systolic blood pressure, and serum total cholesterol. For the smaller arteries, atherosclerosis scores were associated with age and systolic blood pressure but not with serum cholesterol. These results were not altered when systolic blood pressure was replaced by diastolic blood pressure in the models. Table 5 shows mean age and age-adjusted mean values of blood pressures and serum total cholesterol concentration according to significant stenosis of intracerebral penetrating arteries in three types of stroke combined, ie, cerebral hemorrhage, penetrating artery infarction, and cortical artery infarction, and in each type of stroke separately. For the three types of stroke combined, mean values of age, blood pressure, and serum total cholesterol were higher in men with significant stenosis than in those without it. For cerebral hemorrhage, mean values of blood pressure and serum total cholesterol were higher in men with significant stenosis than in those without it. However, differences of these variables were less evident for infarctions of penetrating and cortical arteries. arteries only was also more common in cerebral hemarteries are shown in Table 7 . For men aged 30 years orrhage than in the other two conditions. and older, mean age was higher in men with stenosis in Risk variables in cerebral hemorrhage according to both arteries and men with stenosis in only intracerebral the combination of stenosis of basal and intracerebral arteries than in the other two groups. Age-adjusted mean values of blood pressures and serum cholesterol were highest in men with stenosis in both arterial locations and intracerebral penetrating arteries only, intermediate in men with stenosis in only basal cerebral arteries, and lowest in men with no stenosis at either arterial location. When stratified by age group, these differences in risk variables were more evident in men aged 30 to 64 years than in men aged 65 years and older.
Discussion
The present study showed a distinct difference in both pathology and serum total cholesterol levels among stroke types. Intracranial cerebral hemorrhage was characterized by arteriolosclerosis, whereas cortical artery infarction was characterized by atherosclerosis. The serum cholesterol difference was particularly evident between cerebral hemorrhage and cortical artery infarction. Age-adjusted mean value of serum cholesterol was nearly 200 mg/dL in cortical artery infarction versus 164 mg/dL in cerebral hemorrhage. Mean serum cholesterol for penetrating artery infarction was intermediate. A population-based study in a neighboring community to the surveyed area showed that mean serum total cholesterol was 175 to 179 mg/dL in the 1970s and 1980s. 16 Therefore, mean serum total cholesterol seems to be lower for cerebral hemorrhage and higher for cortical artery infarction than is characteristic of the free-living population from which the subjects were drawn. This observation is consistent with the results of other epidemiological studies.3-7,10 An incidental finding is that serum cholesterol is reduced in men who died of cancer, respiratory disease, or trauma. This finding agrees with findings in recent articles.1', [17] [18] [19] Not supporting the findings of this research is a recent clinical study that reported no difference in serum total cholesterol levels among stroke types, either for 3-month survivors2021 or all fatal and nonfatal cases. 22, 23 In the present study, serum total cholesterol levels were measured after the onset of disease. Serum cholesterol concentrations are reduced in various diseases, including the later stages of cancer24-27 and liver and digestive disorders. Although this issue has not, to our knowledge, been studied specifically, the possibility that low cholesterol is a consequence of stroke seems unlikely. Woo For cerebral hemorrhage, 34% of the cases showed no significant stenosis in either basal or intracerebral arteries, whereas the respective proportion of cortical artery infarction and penetrating artery infarction was less than 5%. Furthermore, within cerebral hemorrhage, serum cholesterol levels were even lower in men without stenosis in either basal or intracerebral arteries than in men with stenosis in either type of artery. These results imply that the disease process of cerebral hemorrhage is different from that for thrombotic infarction. Previous pathological studies showed that the pathogenesis of cerebral hemorrhage is the rupture of microaneurysm resulting from angionecrosis (arteriolonecrosis, fibrinoid necrosis, or lipohyalinosis) in intracerebral penetrating arteries.3)'39 Fig 3 shows an example of angionecrosis in a case of cerebral hemorrhage from the present study. Pathological findings of angionecrosis are the loss of medial smooth-muscle cells, the infiltration of blood plasma into the intima, the histolysis of internal elastic lamina and intimal collagen fibers, intimal fibrin deposition (fibrinoid degeneration), and luminal dilatation. Unlike atherosclerosis, there are neither clear proliferative changes nor lipid deposition in the intima. Disappearance of medial smooth-muscle cells contributes to fragility of the vascular wall, which leads to microaneurysm in the presence of high blood pressure. It was reported that angionecrosis was found in almost 100% of cerebral hemorrhage cases when examined in a series of consecutive microscopic slides. 40 The pathological relation between low serum cholesterol levels and cerebral hemorrhage is uncertain. We hypothesize that a very low serum cholesterol contributes to the development of a fragile cerebrovascular endothelium, eventually leading to the development of angionecrosis and cerebral hemorrhage in the presence of hypertension. There are several lines of evidence that support ii F this hypothesis. Our previous study indicated-that men with cerebral hemorrhage had a significantly higher degree of erythrocyte fragility and lower serum and erythrocyte cholesterol levels than age-matched control subjects. 41 In vitro studies demonstrated increased osmotic fragility of erythrocyte membranes when the membrane cholesterol was reduced.42,43 Stroke-prone hypertensive rats showed a significantly lower cholesterol in both serum and erythrocyte membranes and showed increased osmotic fragility of erythrocyte membranes compared with Wistar-Kyoto rats. 44 On the other hand, a high-cholesterol or high-fat diet increases total cholesterol in erythrocyte membrane and leukocytes as well as in plasma.45'46 A high-fat diet was also reported to reduce the occurrence of stroke in stroke-prone hypertensive rats.47 Furthermore, an animal study using Wistar rats with a renal artery clamp showed that a diet-induced increase in the serum total cholesterol level from very low (118 mg/dL) to moderate (242 mg/dL) levels was associated with a significant reduction in the degree of angionecrosis, in which the degree of angionecrosis was measured with percent area occupied by smooth-muscle cells in the media of middle cerebral arteries. 48 Although a causal relation between low serum cholesterol levels and cerebral hemorrhage has not been established, our observations confirm a positive association of serum total cholesterol with cortical artery infarction and an inverse association with cerebral hemorrhage. Further studies are needed to determine the precise nature of this association.
